Yield reduction of rice is a severe problem due to the advent of increasing water scarcity and efficiency is relatively low. Physiological attributes and yield performance of high yielding (HYV) rice cultivars need to be assessed by minimizing water loss. Therefore, a glasshouse experiment was conducted in Bangladesh to investigate the impact of cultivars and water management on growth dynamics, biomass production, and yield and water productivity. Ten HYV boro (dry season irrigated) rice cultivars along with fivewater management systems were included in the study. The study revealed that cultivars Binadhan-10 had higher value of leaf area index (LAI), root dry weight along with moderate panicle length. Accordingly, the cultivar Binadhan-10 had a higher yield than all other cultivars because of the highest total dry matter (TDM), number of effective tillers hill -1 , and number of grains panicle -1 . Growth, TDM, and yield were increased with water application up to 8 DAD after which these factors declined with increasing water stress at 10 DAD. The crop grown at CS condition did not increase the yield, rather caused the wastage of irrigation water. The water productivity was the highest (0.252 t ha -1 cm -1 ) in 10 DAD treatments, obviously due to minimum water use but highest yield was observed in 8 DAD because of optimum use of water and non stress condition. Therefore, the present study was useful in the screening of the most efficient cultivars, which could be strongly recommended to rice growers to improve crop yield and reduce the use of water.
INTRODUCTION
In recent years, agriculture is facing two major challenges that include enhancement of food production sustainably to feed a growing world population and this increment needs to be accomplished under conditions of increasing scarcity of water resources (Bouman, 2007) . Rice (Oryza sativa L.) is the principal staple food for more than 50% of the world's population (Jahan et al., 2017) . The world's farmers have to produce about 60% more rice than at present to meet up the food demands of the expected world population by 2025 (Fageria, 2007) . Rice production under irrigated condition is the leading consumer of water in the agricultural sector, and its sustainability is intimidated by increasing water scarcity. In consequence, rice production in Asia is increasingly constrained by water limitation (Arora, 2006) and increasing pressure to reduce water use in irrigated production as a consequence of global water crisis (Tuong and Bouman, 2002) . Irrigated lowland rice consumes more than 50% of total freshwater, and irrigated flooded rice requires two or three times more water than other cereal crops, such as wheat and maize (Barker et al., 1998; Sarkar et al., 2017) . For 1 kg of rice, it is estimated that farmers use 3 to 4 thousand litres of water whereas it actually needs 1.0 to 1.5 thousand litres only. Thus, for irrigation farmers have to pay about 30-40% of the extra cost. This might be due to their ignorance about the need of water for rice cultivation as well as consequence of misuse of water. In addition, rice production is facing increasing competition with rapid urban and industrial development in terms of freshwater resource (Bouman and Tuong, 2001 ). The need for "more rice with less water" is crucial for food security, and irrigation plays a greater role in meeting future food needs than it has in the past . This issue will necessitate the development of substitute irrigated rice production systems that involve less water than conventional flooded rice . Different water saving techniques for rice production have been evolved by researchers such as alternate wetting and drying (AWD) (Bouman and Tuong, 2001; Belder et al., 2004) , saturated soil culture , direct dry seeding (Tabbal et al., 2002; Rahman, 2016) , and aerobic rice culture Kato et al., 2009) . These have been found to be effective in reducing water use and improving water productivity, but there are debates on whether these water-saving techniques will increase or decrease rice yields . The lower productivity of rice is associated with drought stress arises from these technologies. This stress has now become a severe threat to ensure food
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Physiological parameters and yield differ in rice (Oryza sativa L.) cultivars with variable water management systems security in the developing world as well as in Bangladesh. Although water is required all over the growth periods of rice plant, there are some critical growth stages when drought stress impacts seriously and create a massive reduction in quantity and quality of yield. Plants respond to drought stress at the molecular, cellular and physiological levels which vary among species and genotype, length and severity of water stress, crop age and stage of development, organ and cell type and sub-cellular compartment (Yamakawa et al., 2007; Jana et al., 2017) . The water stress resulted in significant decreases in chlorophyll content and the leaf relative water content (Naher, 2011) . The maintenance of high plant water status and plant functions at low water potential, and the recovery of plant function after water stress are the major physiological processes that contribute to the maintenance of high yield under drought stress (Bouman and Tuong, 2001) . There is limited information on the difference in crop performance under continuous saturation along with other water management systems. Furthermore, physiological basis of yield gap among high yielding rice cultivars has not been studied extensively under Old Brahmaputra Floodplain ecosystem. Such information is vital for identifying the physiological and morphological traits to support the selection and breeding of high yielding rice cultivars. Efforts are few to address the growth, physiological responses and yield of rice (Oryza sativa L.) to water stress under tropical environment (Zain et al., 2014) . Therefore, in this study, an attempt has been made to assess the influence of water stress as a measure of water saving technique during the subsequent growth period of crop ontogeny and yield.
MATERIALS AND METHODS
Site description: The experiment was conducted (using pots of 12.5-cm diameter) in a glass house under controlled conditions in the Agronomy Department, Bangladesh Agricultural University, Mymensingh, Bangladesh (latitude: 24°42 ΄ 55΄΄, longitude: 90°25΄47΄΄) during boro (dry) seasons of 2014-15. The experimental site (Mymensingh) is under a humid subtropical monsoon type of climate. The climate is humid subtropical monsoon. The mean minimum and maximum temperature and rainfall for the experimental period are shown in Figure 1 . The physicochemical properties of the soil before the beginning of the experiment are shown in Table 1 .
Experimental design and treatments:
Treatments consisting of five water management systems namely, continuous saturation (CS), water applications made 4, 6,8, 10 days after disappearance of 4 cm ponded water (DAD) and ten high yielding cultivars of rice viz., BRRI dhan28, BRRI dhan29, BRRI dhan47, BRRI dhan50, BRRI dhan59, BRRI dhan60, BRRI dhan61, Binadhan-8, Binadhan-10, and Binadhan-14.The selected cultivars were the most popular and high-yielding ones cultivated during the boro season. The experiment was conducted following completely randomized design (CRD) and replicated thrice. In each replication,50 pots were placed side by side while maintaining 10 to 25 cm between them. The replicates were separated by 1 m. The parentages of the cultivars tested including their import characteristics are presented (Table 2 ) to determine their adaptability with specific traits.
Pot preparation and fertilizer application: Each pot was filled with 8 kg of soil and placed in the glasshouse of the Department of Agronomy, BAU, Mymensingh. Extra water was applied to bring the soil moisture to a suitable level for seedlings because the pots were filled with dry soil. Two liters of water were added to saturate the soil. Fertilizer concentrations for pot experiments were applied as 2.7 g, 0.8 g, 1.04 g, 0.9 g, and 0.03 g per pot in the form of Urea, Triple Super Phosphate (TSP), Muriate of Potash (MOP), gypsum, and zinc sulfate, respectively. Whole amounts of fertilizers except Urea were applied during the final pot preparation. One-third of Urea (0.9 g) per pot was applied at 15 days after transplanting (DAT), 40 DAT, and 70 DAT.
Crop and water management: Forty days old seedlings (previously grown in the seedbed) of the cultivars were transplanted in the pot on January 12, 2015. There was 4 cm of standing water during transplanting and after disappearance of this ponded water, different water management treatments were applied. In the continuous saturation treatment, water as applied to saturate the soil (without flood), while for the other treatments, each irrigation was applied according to the time interval specified for the treatment. The irrigation was continued up to 15 days before the harvest of the crop. During the growth period, especially in the early stages, sometimes weeds were observed and uprooted by hand. No major insects were noticed except rice hispa during the growth period. The infestation was controlled by applying insecticides (Fenitrothion 50 EC) in each pot at the tillering stage.
Plant and growth dynamics measurement:
In the experiment, phenological observations were done weekly. The anthesis date of rice was observed using the decimal code scale anticipated by Zadoks et al. (1974) . Anthesis dates were recorded when 50% of the plants reached this periodin each plot. Observations on growth dynamics were made at active tillering (AT), panicle initiation (PI), flowering (FL), and physiological maturity (PM). The parameters to evaluate growth dynamics, such as plant height, leaf area index (LAI), crop growth rate (CGR), relative growth rate (RGR), and net assimilation rate (NAR) were recorded foreachpot through destructive sampling. For each destructive sample, a plant was uprooted and washed with water. The leaf blades were alienated from the leaf sheath and leaf area was measured by a leaf area meter (LI 3100, Licor, Inc., Lincoln NE, USA). Leaf area index was accordingly calculated from leaf area data. After measurement of leaf area, the plant samples were dried in an electric oven at 65°C for 72 hour until they reached at constant weight, and their dry weights were recorded. LAI, CGR, RGR, and NAR were calculated following the standard formulae (Radford, 1967; Hunt, 1978) .
Biomass partitioning measurement:
Biomass partitioning in the shape of sheath weight, leaf weight, root weight, and total dry matter was calculated for each water management treatment level for all cultivars. The sheath, leaf, and root dry weight was calculated during AT, PI, FL, and PM by placing the plant samples in the oven at 65°C for 72 h. Total dry matter of the plant was determined by adding shoot dry matter, including leaf blade, leaf sheath, Culm, and panicle (when applicable) and root dry matter.
Estimation of irrigation water and water productivity:
Amount of applied irrigated water was recorded from seedling establishment and continued up to 15 days before harvest. Water productivity of rice was calculated by dividing the total yield with the total amount of water required during entire crop growth period by following formula (Michael, 1978) :
Water productivity = Where, Y = grain yield (t ha -1 ), WR = total amount of water used (cm)
Relative water Content (RWC) was calculated according to Smart and Bingham (1974) : FW= Fresh leaf weight, TW= Turgid leaf weight, DW= Leaf dry weight; For FW, fresh leaf sample was cut into a small disc and then fresh leaf weight was measured; For TW, the leaf sample (disc shaped) was soaked in distilled water for 4hr in the dark and thereafter the turgid leaf weight was measured and For DW, the leaf was dried at 80° C in an electric oven for 24 hr and then weight was taken.
Measurement of yield and yield components: Maturity date was identified when 90% of grains had matured. At maturity, the whole plant was cut at the ground level with a sickle. The harvested crop from each pot was bundled separately and tagged appropriately. After recording data for plant height and panicle length for each plant, plant materials were sun dried for grain collection. Finally, grain and straw yield and yield contributing parameters were recorded separately.
Data analysis
Data on crop growth, yield components, and yield of rice were compiled and tabulated for statistical analysis. The recorded data on various plant characters were statistically analyzed to find out the significance of variation resulting from the experimental treatments. All the collected data were analyzed following analysis of variance (ANOVA) technique and mean differences were adjudged by Duncan's Multiple Range Test (Gomez and Gomez, 1984 ) using a computer operated program namely MSTAT-C.
RESULTS AND DISCUSSION
Crop phenology and environmental conditions during crop cycle: Crop duration was interactively determined by the cultivar and environment. Patterns for 10 cultivars with different phenology are shown in Figure 2 . In the present study, the average length of life cycle of cultivars was 137 days (d). The greatest difference between the minimal and maximal crop duration for cultivars was 28 d and the smallest difference was 3 d. Crop duration from emergence to FL varied from 92 d to 115 d depending on the cultivar. Grain filling duration exhibited variation based on cultivar from 26 d for Binadhan-14 to 33 for Binadhan-10. It was noted that the cultivar Binadhan-10 matured much earlier than other cultivars along with more grain filling period. The rice cultivars having higher grain filling duration have produced higher yield (Yang et al., 2008) . Extension of grain filling duration provided rice plant with more climatic resources such as temperature and solar radiation for prolonged grain growth. Daily mean temperature for the effective grain-filling period was constant for all cultivars because of the relative stable temperature after FL (Figure 1 ). Considering phenology, during transplanting, PI, and FL daily mean temperatures were 17°C, 21°C, and 24°C, respectively. At the early stage of crop growth, there was no rainfall; however, at the grain-filling stage and onward, rainfall began, and maximum rainfall (46.6 mm) was recorded during the grain-filling period (Figure 1 ).
Growth parameters: Significant (P<0.05) differences in terms of plant height among the cultivars were observed (Table 3) . Cultivar BRRI dhan47 registered highest plant height (93.85 cm) while lowest was in Binadhan-14 (69.79 cm). Plant height was also significantly (P<0.05) higher under different water management conditions (DAD) than under CS conditions. A significant reduction in plant height of under CS situation may be due to restriction of plant growth. A significant variation in plant height and LAI at different growth stage based on cultivars and water management conditions are observed in Figures 3 and 4 . Plant height increased progressively over time attaining the highest at PM. The rate of increase, however, varied depending on the growth stages. The cultivar Binadhan-10 recorded maximum plant height at all the growth stages except PM where Binadhan-8 showed highest value and both of which were statistically similar at this stage. The shortest plant height up to PM was observed with Binadhan-14. Among water management conditions, 8-DAD treatment recorded the tallest plants at all the growth stages followed by 10-DAD. The shortest plant height was observed at CS at all the stages of growth except AT. Cultivars differed significantly in respect of root dry weight hill -1 (g) at FL. The highest root dry weight hill -1 (1.57 g) was recorded in Binadhan-10 while being lowest in BRRI dhan61. Water management treatments also significantly affected root dry weight hill -1 at FL. It was enhanced compared to CS, but only in treatments up to 8 -DAD; beyond that, root dry weight was reduced. Panicle length differed significantly under both the cultivars and water management practices and among the cultivars, highest being in BRRI dhan29. Panicle length increased significantly up to 8-DAD treatments compared to CS and then tended to decrease. TDM increased significantly with increasing plant growth started from AT to PM (TDM at FL only presented, Table 3 ). It was found significantly highest (P<0.05) in Binadhan-10 followed by BRRI dhan29. The lowest TDM was observed in BRRI dhan61. A wide variability in photosynthetic rates exists in rice cultivars (Sharma and Singh, 1994 ) which may cause difference in dry matter accumulation. Alam et al. (2009) under different water management treatments.8-DAD treatment recorded significantly higher TDM compared to other DAD treatments and lowest TDM was observed under CS condition. Grain yield improvement of lowland rice cultivars released by the International Rice Research Institute (IRRI), Philippines is due to increases in biomass production (Peng et al, 1999) . Akita (1989) and Amano et al. (1993) also stated that higher grain yield from rice was achieved by increasing biomass production. LAI of rice cultivars with different levels of water management showed substantial differences over the growth stages. LAI is connected to biological and economic yields and enhance in LAI causes higher yield (Singh et al., 2009) . Considering growth stage, LAI increased sharply reaching peak at FL and then decreased irrespective of treatment differences. The rate of decrease of LAI after attaining peak was swifter. Maximum LAI (5.24) was attained at FL by Binadhan -10. Similarly, highest LAI was observed at all growth stages and at FL it was maximum (3.92) for 8-DAD treatments. LAI decreased after FL reflecting the loss of some existing leaves through senescence. A significant relationship (R 2 =0.92, P<0.01) between grain yield and LAI at FL is observed in Figure 5a . Cultivar having more LAI has the possibility to absorb more solar radiation, more photosynthesis and ultimately leads to higher yields. Regarding CGR, it is observed that parallel to the increase in leaf area over the time, CGR also was raised until FL and then decreased (Table 4) . CGR attained maximum of 22.60 g cm -2
day -1 at FL for Binadhan-10 and minimum was noted at BRRI dhan61. CGR with 4-DAD, 6-DAD and 8-DAD was 7.14, 9.87 and 16.38 % higher, respectively than CS treatments. Irrespective of treatments, RGR was more at early phase and showed a diminishing trend with the progress of plant age. The decline in RGR was possibly due to the raise of metabolically active tissue, which contributed less to the plant growth. Based on the trend of RGR in cultivars, it is stated that Binadhan-10 cultivar had the highest RGR at FL and after that BRRI dhan61 cultivars had the highest RGR at PM. The trend of NAR in both cultivars and water management 
Figure 4. LAI of rice as influenced by (a) cultivars (b) water management systems. Vertical bars represent LSD(P=0.05).
treatments was relatively equal and downward (Table 4) . With LAI increasing, NAR was reduced in all the treatments and it can be due to the more tillering and leaf area development. The percentage of increase in NAR of 4-DAD, 6-DAD, 8-DAD and 10-DAD were 5.83%, 10.37%,11.99% and 14.03 % respectively compared to CS at PI. Cultivars and water management systems has remarkable effect on RWC. The cultivars having the high RWC (%) have the more capability of tolerance to drought condition. At FL, the highest RWC (91.51 %) was exhibited by Binadhan-10 and lowest RWC (82.06 %) was recorded by BRRI dhan61. At FL and PM of water stress, most of the varieties had a little change in RWC and the similar patterns of RWC as before were observed. Water stress significant reduced RWC at vegetative and flowering stages after a certain period. The result indicated that, 8-DAD treatments showed highest RWC followed by 6-DAD and 4-DAD.
Yield attributes and yield:
The cultivar Binadhan-10 produced highest number of effective tillers hill -1 closely followed by BRRI dhan29 and Binadhan-8, whereas lowest number was noticed in BRRI dhan61 (Table 5) . Grain yield variations for cultivars were significantly positively correlated (R 2 =0.75, p<0.01) with effective tillers hill -1 (Figure 5b) .Similarly, number of grains panicle -1 , grain yield and straw yield was higher in Binadhan-10. There was a significant positive correlation (R 2 =0.52, p<0.01) between grains panicle -1 and grain yield (Figure 5c ). Binadhan-8 registered highest 1000 grain weight. A large number of studies have already been done on the relationships between yield components and yield in rice. There were positive correlations between yield and harvest index (HI), grain weight plant -1 , and grains panicle -1 (Li et al., 2005) . Katsura et al. (2007) reported that rice yield is mainly dependent on producing ability of dry matter before heading. Moreover, grain number, which is the main part of sink size, is optimistically correlated with yield (Yoshida et al., 2006) . In our study, the highest grain yield of Binahan-10 was related with more effective tillers hill -1 and greater numbers of grains panicle -1 , but the higher grain yield of BRRI dhan29 was mainly attributed to more panicle length. The results also suggest that biomass accumulated at FL has a great involvement to final yield performance. Evidently, the biomass gathered in the stems (and leaf sheath) will be transported into developing grains during filling stage. Data on yield and yield attributes revealed that different water management (DAD) had significantly (P<0.05) higher values of yield attributes and yield compared to CS except 1000 grain weight and harvest index, which were non-significant for water management practices (Table 5 ). Grain yield of rice under 4-DAD, 6-DAD, 8-DAD treatments was 2.9%, 4.9 %,7.8 % higher respectively than that recorded under CS condition. Beyond the 8-DAD treatments, the yield tended to decrease and it was 1.2 % lower at 10-DAD treatment compared to 8-DAD and it may be due to encountered moisture stress. The grain yield of rice under 8-DAD treatment was 7.8 % higher than CS condition. Grain yield difference between 8 -DAD and CS condition was also attributed primarily to the difference in sink formation (number of grains panicle -1 ), TDM accumulation and partly to difference in panicle length. Among yield components, sink size (number of grains panicle -1 ) contributed more towards grain yield and is the most important factor for minimizing yield difference between 8-DAD and CS condition. Interaction effect revealed that under different water management systems, Binadhan-10 recorded significantly higher yield over all the cultivars (Table 7) . The cultivar BRRI dhan61 had lowest yield under different water management practices. Highest grain yield (7.21t ha-1 ) was recorded in Binadhan-10 along with 8-DAD treatments. The yield reduction ranges from 6.00% to 8.65% in CS condition compared to 8-DAD treatment. This result showed that high yielding cultivars of rice are not suitable for CS condition.
Water requirement and productivity: Water use and water productivity under different water management treatments are shown in Table 6 . Across all the water management treatments, irrigation water applied was maximum for CS (118 cm) and minimum for treatment 10-DAD (20 cm) and 8-DAD (24 cm), respectively. These were 83% and 79.6% less water required for 10-DAD and 8-DAD compared to CS. Besides, the water productivity rice cultivars at 8-DAD and 10-DAD were 78.6% and 81.3% higher than that of the rice grown under CS condition. WUE of aerobic rice was higher compared to other establishment methods (Belder et al., 2007; Singh et al., 2008) .This means that the water productivity decreased with the increase of irrigation water. Similar results are also reported by Islam and Mondal (1992) . Among the treatments in which irrigation water applied, water productivity was the highest (0.252 t ha -1 cm -1 ) in treatment 10-DAD and was found to be minimum (0.047 t ha -1 cm -1 ) in CS. The adoption of AWD method means that application of irrigation water in fields to renovate flooded conditions on an intermittent basis, only after a certain number of days have passed since the disappearance of ponded (standing) water. The number of days of non-flooded soil before the subsequent irrigation is applied can differ from 1 day to more than 10 days under AWD . In our study, most of the physiological and yield parameters showed better performance up to 8-DAD. The differences in the number of days between irrigations and in soil and hydrological conditions cause great variability in the results of AWD (Bouman and Tuong, 2001 ). However, beneficial effects from practicing AWD over continuous saturation apart from water saving have been reported exclusively. Continuous submergence was not crucial for achieving high rice yields (Sato and Uphoff, 2007) . Yang et al. (2004) stated that AWD irrigation methods can produce greater and deeper root systems, enhancing nutrient uptake, raising water use efficiency and grain yield (Zhang et al., 2009) . Yang et al. (2004) also reported that the positive responses of integrated nutrient management for rice yield are significantly declined by waterlogging of rice fields. Within a column, means followed by same letters are not significantly different at 5 % probability level by Duncan's Multiple Range Test (DMRT); ** Significant difference at P ≤ 0.01, NS-Non-significant. Within a column, means followed by same letters are not significantly different at 5 % probability level by Duncan's Multiple Range Test (DMRT); AT active tillering, PI panicle initiation, Fl flowering, PM physiological maturity, CGR crop growth rate, RGR relative growth rate, ,NAR net assimilation rate, RWC relative water content * Significant difference at P ≤ 0.05, ** Significant difference at P ≤ 0.01, NS-Non-significant. Within a column, means followed by same letters are not significantly different at 5 % probability level by Duncan's Multiple Range Test (DMRT) ** Significant difference at P ≤ 0.01, NS-Non-significant; Grain yield and straw yield are at 14 % moisture content. Within a column, means followed by same letters are not significantly different at 5 % probability level by Duncan's Multiple Range Test (DMRT); ** Significant difference at P ≤ 0.01 Table 7 . Interaction between cultivars and water management systems on grain yield and water productivity. 
Conclusions
It is obvious from these results that the cultivar Binadhan-10 with high values of physiological, yield contributing and yield parameters appears to best choice for periodic water stress condition. The cultivar BRRI dhan29 was the next best after Binadhan-10 for cultivation in such condition. The physiological attributes of these two cultivars may be used for breeding a cultivar for a particular environment. On the other hand, AWD had beneficial effects on grain yield compared with CS. Continuous standing water in the rice field, which is a usual practice in Bangladesh, was not found to give optimum yield. The highest grain yield was obtained from 8-DAD and greatest water productivity was found with the 10 -DAD treatment. This indicates that water productivity at 10-DAD are more than 8-DAD due to less water requirement but in respect of yield 8 DAD treatment out yielded 10 DAD due to efficient use of water.
